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[57] ABSTRACT 

A clip applier and method for ligating a tissue structure is 
provided. The applier has a two stage actuation. In the ?rst 
stage, a tissue structure is positioned into the jaws of the clip 
applier The jaws close and lock to a preset force to compress 
and temporarily occlude the tissue structure. If satisfactorily 
positioned, the second stage is initiated in which a clip is 
advanced through the shaft of the dip applier in a closed 
position. At the distal end of the clip applier, the clip is 
opened slightly to capture the pre-compressed tissue 
structure, and is placed over the structure. The clip is then 
dissociated from the business end of the instrument. Pref 
erably the clip comprises two leg members disposed in close 
proximity to one another joined from opposing directions by 
a connecting element. The connecting element restricts 
separation of the leg members with opposing spring mem 
bers so as to provide substantially uniform parallel de?ec 
tion of the leg members from each other. 

11 Claims, 14 Drawing Sheets 
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STERILE OCCLUSION FASTENERS AND 
INSTRUMENT AND METHOD FOR THEIR 

PLACEMENT 

This is a continuation of application Ser. N o. 08/403,983, 
now abandoned but ?led Mar. 15, 1995 which is a continu 
ation in part of application Ser. N o. 08/204,847 ?led on Mar. 
2, 1994, now abandoned but incorporated herein by refer 
ence. 

BACKGROUND OF THE INVENTION 

The present invention relates to sterile surgical fasteners, 
used to occlude bodily tissue structures, and the methods and 
instruments for applying such fasteners. More particularly, 
this invention relates to sterile clips, and instruments and 
methods for placement of such clips, that are used to ligate 
tubular structures within the body, such as blood vessels, to 
impede the ?ow of bodily ?uid therethrough. 

In order to prevent excessive ?uid loss or bleeding during 
a surgical procedure, a surgeon will typically have to ligate 
or close various ?uid ducts and/or blood vessels before 
severing those vessels. There are many types of mechanisms 
or devices for shutting off the vessels such as ligating clips, 
hemostatic clips and the like. In some instances the surgeon 
will tie a ligature or suture about a vessel to close or shut the 
vessel. Ligating clips are well known in the art. Many of the 
clips are metal and comprise a pair of legs which are 
connected at one end. The Vessel to be ligated is placed 
between the legs and the legs forced together about the 
vessel to close the vessel. Clips have also been developed 
from plastic materials. However, since plastics do not have 
the same strength and malleability characteristics as metals, 
the plastic clips typically include some type of locking 
mechanism so that when the legs are urged together about 
the vessel they are locked in a closed position. 

Ligating clips should ensure closure of the vessel. That is, 
they should completely shut off blood ?ow or other ?uid 
?ow and not allow leakage. Also, the clips should remain 
closed, should not open or break and should not slip or slide 
out of position or off-the vessel. While it doesn’t take much 
force to collapse and close a vessel, the clips that are now 
typically used require substantial force to close or change 
con?guration so that once closed, the clip will remain in its 
closed position. 

In minimally invasive surgery, in particular, endoscopic 
surgery, it has become desirable to provide smaller instru 
ments capable of reaching surgical sites through smaller 
access ports. Smaller incisions cause less damage in access 
ing the surgical site and the access wounds from such 
incisions heal faster. In presently known clip appliers, the 
size of the instrument is dictated, in general, by the size of 
the clip as it is passed through the clip applying instrument 
to its business end, and the size of the jaws used to crush the 
clips closed. Clips are passed through the clip applying 
instrument in an open position so as to allow the clip to 
capture a tissue structure to be ligated before the jaws crush 
the clip closed over the structure. 

In currently used surgical access tubes or cannulas and 
clip applying instruments for use in endoscopic or laparo 
scopic surgery, the ratio of the cannula inner diameter to the 
closed clip height as de?ned herein, is greater than 7.0. Thus, 
presently, a relatively large access tube is required for 
relatively small closed clip height. 

It is ?’lCI‘CfOIC an object of the invention to provide a clip 
which is contained in a space-efficient, closed position until 
it reaches the structure to be ligated, thus enabling the use of 
smaller access ports. 
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In endoscopic surgery, the business end of the instrument 

is placed within the body through an appropriate cannula, 
body canal or small incision. The manipulation of that 
business end by the surgeon is accomplished outside the 
body. As a result, it becomes more di?icult to control the 
business end of the instrument since it is further removed 
from the actual operation of the instrument. Any slight 
movement in the manipulation of the instrument outside the 
body is magni?ed at the business end of the instrument. 
Therefore, there is a greater chance in an endoscopic pro 
cedure that a slight movement of a clip applier as a clip is 
being closed will cause clip misplacement. ‘This is particu 
larly true considering that conventionally available clips 
require high force to effectively form over a tissue structure. 

It is therefore another object of the present invention to 
substantially reduce the forces required to endoscopically 
apply a clip to ligate a structure such as a blood vessel. The 
less force required to place a clip, the greater the chance of 
accurate clip placement and therefore of positive vessel 
closure throughout the surgical procedure. Further, the force 
used to crush the clip also crushes the tissue, making the clip 
hard to remove, if so desired. Also, the less force required to 
place a clip on a vessel, the less likely the vessel will be cut 
or lacerated. 

It is a further object of the present invention to provide a 
clip and clip applier which allow a user to close olf a vessel 
and determine whether the positioning is appropriate before 
applying the ligating clip. 

Clips now typically used are applied with a clip applier 
which crushes the clip to a preset dimension. Although a 
range of clip sizes exist to provide for ligation of a variety 
of tissue structure sizes, frequently, the preset dimension is 
too large for a smaller structure or too small for a larger 
structure. If the structure is too small or too large, or 
conversely stated, if the clip gap of the closed gap is too 
large or too small, the clip has a greater chance of being 
misplaced, of providing inadequate ligation force or of 
slipping off the vessel. . 

Furthermore, the presently used clips typically comprise 
two legs attached at one end. Therefore, the closure force 
varies along the length of the clip, the greater force being 
closer to where the legs are attached. Thus with such a clip 
con?guration, the chances are greater that the clip will slip 
from the closure site, particularly if the tissue is slightly 
misplaced towards the clip opening. 

It is therefore an object of the invention to provide a clip 
and applier which reduce the chances of the clip slipping 
from the ligated vessel site or of providing insufficient 
ligation. It is an object of the invention to provide a clip and 
a method of applying the clip to a Wider range of vessel 
sizes. It is also an object of the invention to provide a clip 
which provides substantially uniform ligating force along 
the length of the clip. 
Though the novel clip, instrument and methods of the 

present invention are most appropriate for use in endoscopic 
procedures and will be so described in the following, it 
should be pointed out that the clip and/or the instrument 
could also be used quite capably in traditional open type 
surgical procedures. 

SUMMARY OF THE PRESENT INVENTION 

In accordance with the present invention, a new sterile 
clip, clip applier and method for ligating a tissue structure is 
provided. 

One embodiment of the invention provides compression 
members at the distal end of a clip applying instrument 
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which compress and/or occlude a tissue structure just prior 
to applying a ligating clip. 
One feature of a preferred embodiment provides a clip 

applier which ligates or compresses a tissue structure to a 
predetermined force as opposed to a speci?c gap size or 
range before advancing a ligating clip to the structure. 

Another feature of a preferred embodiment provides an 
e?iciently sized clip, which may be passed to the distal end 
of the clip applier in a closed position. When the clip reaches 
the distal end of the instrument. it may be slightly opened, 
sul?ciently to capture tissue which has been compressed 
and/or occluded. Then, the clip is released from the business 
end of the device. and, because the material of which it is 
constructed retains its resiliency and yields very little, the 
clip tends to return to its original shape, thereby keeping the 
ligated structure occluded. 
The clip and instrument of the present invention may be 

used in smaller diameter cannulas than prior art clips and 
clip applying instruments used to close the same size ves 
sels. For example, a clip or a clip applying instrument 
typically requiring a 10 mm cannula inside diameter, may 
now only require a cannula having an inside diameter of 
approximately 5 mm. An object of the invention is to 
provide device in which a smaller size trocar may be used in 
conjunction with the clip applier for a desired clip use. 

Ideally the ratio of the cannula size (cannula inner 
diameter) to closed clip height is as close to unity as 
possible. For medium-large sized clips, the maximum ratio 
of cannula size to closed clip height is preferably about 2.7. 
The maximum ratio of cannula size to closed clip height for 
the medium sized clip is preferably about 3 .2. The maximum 
ratio of cannula size to closed clip height for the small sized 
clip is preferably about 5.6. The clip sizes de?ned herein are 
intended to generally re?ect the clip sizes known in the art 
and currently used in disposable clip appliers for laparo 
scopic and endoscopic surgery. 
A preferred embodiment of this aspect of the invention is 

in use with the clip of the present invention advanced 
through the instrument in its closed or semi-closed con?gu 
ration. Using a closed con?guration, no jaws are necessary 
to contact the clip in order to close the clip, the overall 
diameter of the instrument may be reduced when compared 
to prior art instruments used for the same function. This 
allows the instrument to be used in smaller size access 
channels, incisions and/or cannulas and reduces the size of 
the incision in the patient. For example, currently used 
endoscopic clip appliers are about 10 mm in outside shaft 
diameter. A 5 mm outside shaft diameter clip applier and clip 
of the present invention may be used to apply clips presently 
only capable of being used only with a 10 mm or larger size 
access tube and clip applier, for example, clips of a 8-9 mm 
closed length size. 

Ideally, the ratio of the diameter of the clip applier shaft 
to the ?nal clip con?guration height is as near unity as 
possible. taking into consideration various design con 
straints. The ?nal clip con?guration height is de?ned herein 
to mean the height of the clip measured in a plane perpen 
dicular to the ligating surfaces when the clip is closed over 
a tissue structure. The present invention more specifically 
provides a clip applier and a clip wherein the ratio of the 
outer diameter of the clip applier shaft to the ?nal clip 
con?guration height is less than 5.2, preferably less than 
about 3.0 and most preferably less than 2.6. These preferred 
ratios have been determined based on conventional clip sizes 
and conventional instrument and access tube sizes. 
The clip applier of the present invention may be adapted 

to receive clips of various sizes. However, the clip of a 
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preferred embodiment, itself, is adapted to receive arange of 
various vessel sizes. This clip tends to size itself as it is 
placed on the vessel. This feature provides a clip having a 
preloaded force which will not yield when the clip is 
de?ected slightly, but su?iciently to capture a tissue struc 
ture. 

The clip as such is formed of a resilient (as opposed to 
malleable) material and has tissue occluding leg members 
biased to spring back to a near zero gap size. The legs of the 
clips are biased together with a given force and the force 
increases at increasing de?ection. The leg members include 
opposing ligating surfaces. 
One embodiment of the invention provides a clip which is 

de?ected from multiple clip elements, so as to divide the 
de?ection force between multiple opposing springs. among 
other reasons, to reduce the likelihood of the clip yielding. 
For example. the clip may be de?ected from two ends so as 
to divide the de?ection force between two springs. The 
springs are arranged with respect to the ligating surfaces to 
permit de?ection and closure of opposing ligating surfaces 
away from and towards each other, respectively. The springs 
are arranged so that opposite ligating surfaces provide 
su?iciently uniform force to close off a tissue structure 
placed therebetween. Preferably, the ligating surfaces of the 
clip are biased towards each other but from directionally 
opposite ends, so as to provide more uniform force between 
surfaces over the length of the clip. 

In one embodiment, a one piece clip is provided with a 
plurality of opposing springs or spring force directions 
associated with opposing ligating surfaces. 

In a preferred embodiment the clip comprises two leg 
members disposed in close proximity and substantially 
parallel to one another at least along the portion of their 
lengths where a tissue structure is to be captured and ligated. 
The leg members are connected to each other by a connect 
ing element which restricts separation of the leg members. 
The connecting element and leg members provide an open 
ing at the distal end of the leg members, for capturing a 
tissue structure between ligating surfaces associated with the 
leg members. The connecting element, with which the 
springs are associated, allows the distal ends of the leg 
members to be slightly pushed apart by forces applied to the 
clip. Once those forces are removed the leg members return 
toward their original position. 

In one embodiment, two opposing parallel leg members 
are joined by a connecting element having at least two 
springs acting from di?erent directions on directionally 
opposed leg members. Preferably, two diametrically oppos 
ing spring members provide substantially parallel uniform 
de?ection of the leg members from each other. A ?rst spring 
member permits a ?rst parallel leg to de?ect away from a 
second parallel leg at the distal end of the clip. The second 
spring member permits the second parallel leg to de?ect 
from the first parallel leg member proximal of the distal end 
of the clip. Preferably one of the two spring members is on 
a distal end of the clip while the other spring member is 
located at or towards the proximal end. The parallel legs 
provide an opening on the distal end of the clip for receiving 
tissue to be ligated. The opening may be angled to gather or 
“funnel” tissue between leg members, or, when being 
applied, may be opened by the applying mechanism to 
funnel tissue. 

In a preferred embodiment, each leg member has at least 
one free end associated with it, such that the free ends of 
each leg member are opposed, irrespective of where con 
nected. Preferably, the leg members are cantilevered from 
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both the distal and proximal ends of the clip, one leg member 
from one end and the other leg member from the other end, 
so that the free end of one leg member resides at a restricted 
end of the other leg member, and vice versa. The connecting 
element restricts and connects each leg member at the leg 
member’s restricted end. In this embodiment, the leg mem 
bers are oriented so that their distal and proximal ends 
directionally correspond to the distal and proximal ends of 
a clip applying instrument wherein the distal end of the 
instrument includes the business end of the device. 

The present invention also includes an instrument and 
method for applying the sterile clip to a vessel to be ligated. 
The instrument includes a handle having an actuating trigger 
and an elongated shaft with jaw members at its distal end. 
The jaw members comprise a pair of occluding surfaces 
diverging from each other from their proximal end to their 
distal end. These surfaces are arranged to accept a vessel to 
be ligated. The surfaces may be placed on opposite sides of 
the vessel to be ligated and occlude the vessel. 

In operation, jaws of the instrument are placed through an 
access channel or port such as a cannula. The jaws of the 
instrument are positioned about the tissue or structure to be 
ligated. The jaws of the instrument may be rotated using a 
knob accessible by the instrument user, to rotate up to 360 
degrees in either direction, to assist in positioning the jaws 
about the tissue or structure to be ligated, and to provide 
operative site visibility and accessibility. The jaws are 
preferably biased apart by a spring having a predetermined 
force. The spring loaded jaw closing mechanism closes the 
jaws to a predetermined force. The jaws may be locked in 
their closed position before the clip is placed over the tissue 
structure. 

Once the jaws are positioned, the trigger may be actuated 
to close the jaws over the tissue or structure and thereby 
temporarily occlude the tissue. At this point, the user may 
examine: whether the appropriate tissue is compressed; 
whether su?icient or excessive tissue is compressed; and 
whether or not there is sufficient compression. all accom 
plished before applying the clip to the tissue. If the user is 
not satis?ed, the trigger may be released to open the jaws of 
the instrument disengaging it from the tissue or structure 
without having applied a clip. If the user is satis?ed, the 
ratcheted trigger is squeezed further. The clip is passed to the 
end of the instrument which spreads the legs of the clip 
slightly so that the opening at the distal end of the clip can 
accept the tissue structure at or near where the diverging 
surfaces have compressed and occluded the tissue structure. 
The clip is advanced over the tissue and then is disassociated 
from the jaws of the instrument. Following release of the 
trigger, the jaws may be removed from the tissue while the 
clip remains on the ligated vessel. 
One embodiment of the invention provides an applier 

having a single-trigger. two stage actuation stroke for; 1) 
grasping and positioning of the tissue into the instrument to 
?nd the appropriate clip position and compressing tissue; 
and 2) locking the device and advancing the clip onto the 
tissue. 

In one embodiment, the second stage comprises advanc 
ing the distal clip and moving the clip stack with slightly 
delayed timing. 
Another embodiment may include a plurality of triggers 

used to actuate the functions of the instrument described 
herein. For example, a ?rst trigger is associated with a tissue 
compressing means and a second trigger is associated with 
a feed means. The ?rst trigger is actuated causing the tissue 
compressing means to compress tissue at the distal end. 
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6 
Then, the feed means feeds a fastener to the distal end of the 
instrument where the fastener is placed over the pre 
compressed tissue and dissociated from the instrument. 
An alternative embodiment provides an instrument which 

applies a clip to a pre-compressed tissue structure. The clip 
may be shaped like a conventional clip but in a semi-formed 
state so as to reduce the size of the clip as it is passed to the 
end etfector of the instrument. A compression means of the 
end e?ector pro-compresses the tissue structure prior to 
closing the ligating clip over the tissue. The tissue may be 
released from the compression means of the end e?ector 
prior to applying the clip. The clip has an opening just large 
enough to ?t over the pre-compressed tissue. After advanc 
ing the clip over the pre-compressed tissue, the end eifector 
then crushes the clip closed, thereby ligating the tissue 
structure. ' 

The invention will be more fully described in conjunction 
with the speci?c embodiments given in the following draw 
ings and description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a clip applier of the present 
invention. 

FIGS. 2A and 2B are an exploded perspective view of a 
preloaded clip applier of a preferred embodiment of the 
invention. 

FIG. 3A is an enlarged cross sectional side view of the clip 
applier of FIGS. 2A and 2B in a resting position. 

FIG. 3B is an enlarged cross sectional view of the clip 
applier of FIGS. 2A and 2B in a tissue grasping position at 
the end of a tissue grasping and compressing stage, and at 
the beginning of the clip advancement and placement stage 
of trigger actuation. 

FIG. 3C is an enlarged cross sectional view of the clip 
applier of FIGS. 2A and 2B at the end of the clip advance 
ment stage of trigger actuation. 

FIG. 4A is a side cross sectional view of a portion of the 
. shaft of the present invention in a resting position. 

FIG. 4B is side cross sectional view the portion of the 
shaft of FIG. 4A with a feed bar advancing the distal most 
clip in front of the feed bar. 

FIG. 4C is side cross sectional view the portion of the 
shaft of FIG. 4A with a feed plate advancing a stack of clips. 

FIG. 4D is a side cross sectional view of the portion of the 
shaft of FIG. 4C with the feed plate and feed bar returning 
to their original resting positions. 

FIGS. 5A is a side cross sectional view of the distal end 
of the clip applier with jaws initially placed over a tissue 
structure to be ligated. 

FIG. SB is a side cross sectional view of the distal end of 
the clip applier with a tissue structure compressed between 
the jaws. 

FIG. 5C is a side cross sectional view of the distal end of 
the clip applier with a clip advancing towards a compressed 
tissue structure. 

FIG. 5D is a side cross sectional view of the distal end of 
the clip applier with a clip placed over a tissue structure. 

FIG. SE is a side cross sectional view of the distal end of 
the clip applier with a clip placed over a tissue structure and 
a kick-off spring displacing the clip from the clip applier. 

FIG. SP is a side cross sectional view of the distal end of 
the clip applier with a clip placed over a tissue structure and 
the clip disengaged from the clip applier. 

FIG. 6 is a side cross sectional view of the housing of the 
clip applier. 
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FIG. 7 is a side cross sectional view of the coupling 
mechanism of the clip applier. 

FIG. 8 is a top cross sectional view of the coupling 
mechanism of the clip applier. 

FIG. 9 is a perspective view of the lower jaw. 
FIG. 10 is a perspective View of the top jaw. 
FIG. 11 is a perspective view of the clip of a preferred 

embodiment. 
FIG. 12 is a top view of the clip of FIG. 11 prior to being 

preformed. 
FIG. 13 is a partial breakaway side cross-sectional view 

of an end eifector of an alternative embodiment of the 
present invention in its initial position. 

FIG. 14 is a cross section of the end effector of FIG. 13 
along the lines 14—14. 

FIG. 15 is a partial breakaway side cross-sectional view 
of the end e?’ector of FIG. 13 in a tissue compressing mode. 

FIG. 16 is a partial breakaway side cross-sectional view 
of the end effector of FIG. 13 illustrating closure of a clip. 

FIG. 17 is a transverse cross-section ‘of the instrument of 
FIG. 4A along the lines 17-——17. 

FIG. 18 illustrates a trocar and cannula of the present 
invention to be used in conjunction with an instrument of the 
present invention such as illustrated herein. 

DETAILED DESCRIPTION OF THE 
lNVENTION 

Referring now to FIG. 11 there is illustrated a clip 34 of 
the present invention. The clip 34 comprises a top leg 
member 62. a connector portion 64. and a second leg 
member 63. The connector portion 64 comprises an elon 
gated portion 77 and two spring members 65,66. The ?rst 
spring member 65 is located at the proximal end of the clip 
34 and is coupled to the proximal end of the ?rst leg member 
62. The second spring member 66 is located at the distal end 
of the clip 34 and is coupled to the distal end of the second 
leg member 63. The ?rst leg member 62 and the second leg 
member 63 are substantially parallel to each other along 
substantially their entire length. Each leg member 62,63 has 
a tissue engaging surface 78.79 respectively. Each tissue 
engaging surface interfaces with the tissue engaging surface 
of the other leg member. The tissue engaging surfaces 78,79 
include scored surfaces 98 for holding tissue between the 
interfacing surfaces and preventing tissue from slipping out. 
The surfaces 78.79 may also have dimples 97 or the like to 
ensure closure and prevent movement of the clip 34 once it 
is placed on the tissue structure. The proximal ends of the leg 
members 62.63 form an opening 85 for capturing a tissue 
structure 99 (FIG. 5) such as a tubular vessel. The top leg 
member 62 includes two upper transverse tabs 75 located at 
the distal end of the top leg member 62. The connector 
portion 64 includes two lower transverse tabs 76 located 
towards the distal end of the connector portion 64. The clip 
has a height. h. The height is measured in a plane perpen 
dicular to the ligating surfaces when the clip is passed 
through the shaft 5. prior to placement over a tissue struc 
ture. 

The clips of the present invention are preferably made 
?om various well-known materials or alloys of materials, 
for example, of titanium. tantalum, stainless steel. memory 
metals having super elastic characteristics or the various 
plastic materials that have some resiliency such as 
polyole?ns. glycolide-lactide polymers and similar plastic 
materials. The yield strength of the material should su?icient 
to allow opening by the instrument of the clip, to place it 
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over tissue and resiliently return to its original closed 
con?guration. Preferably, the material used is a titanium 
alloy, such as for example, titanium 3Al-2.5V. 

FIG. 12 illustrates a titanium strip 34a prior to performing 
the clip 34 from the strip 34a. Transverse tabs 75,76 are 
formed in the titanium strip 34a by coining or other lmown 
manufacturing methods. The strip 34a is subsequently bent 
twice to form three substantially parallel portions, i.e., the 
leg members 62.63 and connector portion 64, and two bent 
portions, i.e., the springs 65,66. The bent portions act as 
springs biasing the respective ends of the attached leg 
member towards the opposite leg member, thus providing 
substantially uniform or substantially symmetrical biasing 
of the leg members towards each other. 

Referring now to FIGS. 1-10. there is illustrated a clip 
applier 1 of the present invention. A housing 4 includes a 
stationary handle 10, a trigger 11 pivotally mounted to the 
housing 4, and a knob 59 rotatably attached to the distal end 
of the housing 4. The knob 59 and housing 4 are coupled to 
the proximal end of an elongated shaft 5. The shaft 5 
includes a stationary elongated lower jaw portion 41 termi 
nating in jaw 9, a grasper bar 31, a feed plate 130. a feed bar 
32, a support tube 33, a stack 35 of clips 34, a feeder shoe 
70 and, at its distal end 40, a pair of jaws 8, 9 for grasping 
and compressing a tissue structure 99 to be ligated. 
The outer diameter, Ds, of the shaft 5 comprises the 

support tube 33 having a lumen through which extend the 
lower jaw portion 41, grasper bar 31, feed plate 130, and 
feed bar 32. The support tube 33 terminates just proximally 
of jaws 8,9 to permit pivotal action of jaws 8,9. The support 
tube 33 is constructed to resist excessive torquing to and/or 
de?ection of the various parts of shaft 5. 
The support tube 33 and the lower jaw portion 41 are 

rotatably attached to the housing 4 by way of rotating knob 
59. The knob 59 is attached to the support tube 33 by a tab 
snap ?t between the opening inner diameter of the knob 59 
and the outerwardly protruding tabs 49 at the proximal end 
of the support tube 33. Inwardly protruding lugs 48 of the 
knob 59 are rotatably engaged with outwardly protruding 
tabs 49 of the support tube 33. The knob 59 permits 360 
degree rotation of the shaft 5 with respect to the housing 4. 
The trigger 11 includes a trigger arm 18 extending from 

the housing 4 so that the user may hold the handle 10 and 
actuate the trigger 11 by grasping the trigger arm 18 with the 
same hand. Posts 12 molded into trigger 11 ?t into bosses 13 
molded into housing 4, so as to permit pivotal movement of 
trigger 11 with respect to handle 10. 

Housing 4 further includes a feed cam 16 pivotally 
attached to the housing 4 and slidably coupled to the trigger 
11. The feed cam 16 is coupled on one end to a coupling 
mechanism 17. The coupling mechanism 17 couples the 
force applied to the trigger 11 to the tissue grasping] 
compressing and clip advancing/placing functions of the 
device. The trigger 11 includes a trigger post 19 which 
moves within a slot 20 in the feed cam 16. The trigger 11 is 
actuated by applying a force to the trigger arm 18 to rotate 
the trigger arm 18 towards the handle 10. This force causes: 
the trigger 11 to pivot about posts 12; and the post 19 to 
move within the slot 20 to pivotally rotate the feed cam 16 
with respect to the housing 4. The rotation of the feed cam 
16 multiplies the trigger force translating it into longitudinal 
movement of the coupling mechanism 17 as described in 
more detail below. 

The coupling mechanism 17 is arranged longitudinally 
with respect to the longitudinal axis of the shaft 5. The 
coupling mechanism 17 is comprised of a grasper coupling 
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21, a feeder coupling 22, an in-line spring 23 and a return 
spring 24. The proximal end of the feeder coupling 22 
includes a rearward extending post 26, and a radially extend 
ing circular surface 27. The feed cam 16 has two radially 
extending arms 25 which straddle a proximal or rearward 
extending post 26 of the feeder coupling 22, and are slidably 
mounted between radially extending circular surface 27 and 
rearward extending post 26. The radially extending arms 25 
translate the rotational movement of the feed cam 16 to 
longitudinal movement of the coupling mechanism 17. 

Longitudinal movement of the coupling mechanism 17 
comprises two distinct steps. The ?rst step comprises com 
pression of the return spring 24 which has a lower spring 
preload and/or a lower spring constant than the in-line spring 
23, and therefore compresses with less force. The first step 
corresponds to the tissue grasping and compression step of 
the trigger actuation. The second step comprises the com 
pression of the in line spring 23, in general, for the most part, 
after the return spring 24 has compressed. The second step 
corresponds to the clip advancement and placement and the 
stack advancement steps of the trigger actuation. - 
The distal end of the feeder coupling 22 is slidably ?tted 

and longitudinally moveable within the proximal end of the 
grasper coupling 21. The grasper coupling 21 includes a 
radially extending circular surface 28. The in-line spring 23 
is situated over the feeder coupling 22 and grasper coupling 
21. and between circular surface 27 and circular surface 28. 
The in-line spring 23 acts on circular surface 27 and circular 
surface 28 to longitudinally bias feeder coupling 22 and 
grasper coupling 21 away from each other. The grasper 
coupling 21 includes a second radially extending circular 
surface 29 on its distal end. The proximal end of the return 
spring 24 abuts against the distal end of the second circular 
surface 29. The lower jaw portion 41 includes a circular 
surface 36 on its proximal end enclosed within rotation knob 
59 of housing 4. The distal end of the return spring 24 abuts 
against the circular surface 36. Thus, the return spring 24 
biases the grasper coupling 21 in a proximal direction away 
from the proximal end of the shaft 5, Le, away from the 
circular surface 36 of the lower jaw portion. 
As an force is applied to the trigger arm 18, the feed 

cam 16 advances the coupling mechanism 17, the return 
spring 24 compresses, and the grasper coupling 21 longitu 
dinally advances. Upon application of an appropriate addi 
tional amount of force, the feeder coupling 22 will slide 
towards the grasper coupling 21 as the in line spring 23 
compresses. _ 

Tissue is grasped and compressed by the top jaw 8 closing 
towards the jaw 9 of the stationary lower jaw portion 41. An 
elongated portion 37 of the lower jaw member 41 extends 
through an aperture 30 in the housing 4 and an aperture 96 
in the knob 59, and along the longitudinal axis of the shaft 
5. The elongated portion 37 is formed in a u-shape by side 
walls 38 and ?oor 39. The elongated portion 37 ends in a 
lower jaw 9. 
The grasper bar 31 is attached at its proximal end to the 

grasper coupling 21 and extends longitudinally through an 
opening 47 circular surface 36 and the elongated portion 37 
of the lower jaw portion 41. The grasper bar 31 includes a 
ceiling 69 and two side walls 68 which curve towards each 
other to form a C-shape. The two side walls 68 fit inside and 
adjacent side walls 38 of lower jaw portion 41. The lower 
jaw portion side walls 38 include notched surfaces 61. 
Forward longitudinal motion of the grasper coupling 21 is 
transferred to the grasper bar 31. 
The top jaw 8 is located at the distal end of the grasper bar 

31. Downwardly extending posts 55 on the distal end of the 
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grasper bar 31 are inserted into corresponding slots 56 of top 
jaw 8 to movably attach the grasper bar 31 to the top jaw 8. 
The top jaw 8 includes a pair of hooks 51 on each side of the 
proximal end of the jaw 8. The hooks 51 pivotally engage 
the lower jaw 9 at indentations 52 in lower jaw 9. The top 
jaw 8 and lower jaw 9 include interfacing tissue contacting 
surfaces 53,54, respectively. Jaw 8 includes a window 87 
through which compressed tissue may be viewed during the 
tissue compressing stage, and where a clip may be viewed 
during the clip advancing stage. 
Advancement of the grasper bar 31 pivots the top jaw 8 

closed towards the lower jaw 9 so that the interfacing 
surfaces 53, 54 move together to compress any tissue 
structure engaged between jaws 8,9. In this embodiment the 
lower jaw 9 is stationary while the upper jaw 8 is movable 
with respect to the lower jaw 9. Surface 54 of jaw 9 includes 
a series of teeth or interruptions 57 in the surface that reduce 
the distal movement of tissue engaged or compressed by the 
jaws 8, 9 relative to the distal advancement of the clip 34 on 
the compressed tissue. The interruptions 57 assist in prop 
erly positioning the tissue for accurate placement of the clip 
34 on tissue. A pair of proximal tissue stops 100 incorpo 
rated into fronts of hooks 51, prevent tissue from going into 
the device proximally of jaw 8. The interruptions 57 and 
tissue stops 100 properly place the tissue in the amount to be 
ligated, where the clip disengages from the device. This is 
particularly important as the clip 34 in this embodiment does 
not extend as long as the jaws 8.9. 

Release of the trigger 11 releases the return spring 24, 
which causes the grasper bar 31 to retract and the top jaw 8 
to open. The grasper bar 31 includes a downwardly extend 
ing tab 137 which slideably ?ts into notch 138 proximally 
located in feed plate 130 and notch 139 proximally located 
in feed bar 32. The tab 137 in the grasper bar 31 serves to 
provide positive and aligned retraction of the feed plate 130 
and feed bar 32 with the grasper bar 31. 

After the jaws 8, 9 close over a tissue structure 99 to be 
ligated, the trigger arm 18 is squeezed further initiate the 
second step, i.e., clip advancement and placement. As the 
trigger is squeezed, a step force arm 2 on the trigger 11 
contacts a corresponding step force rib 6 on the housing 4. 
When the return spring 24 is compressed and the jaws 8,9 
closed to the force of the return spring 24. a protrusion 3 on 
the step force arrn2 contacts the corresponding step force rib 
6 which imparts an increase in the tactile force felt on the 
trigger arm 18 by the user. This increase in force denotes the 
separation between the jaw closing mode and the clip 
advancement mode in the two-stage, single stroke actuation. 
Similarly, the feed cam 16 has an anti back-up arm 14 with 
a protrusion 15 at its distal end. Anti back-up arm 14 
contacts a corresponding backup rib 7 on the housing 4 to 
prohibit the reversal of the feed cam rotational motion. This 
occurs at the transition between the jaw closing mode and 
the clip advancement mode of the trigger stroke. The back 
up rib 7 measures a complete stroke of the trigger before it 
permits the anti back-up arm 14 to disengage therefrom, thus 
ensuring the clip 34 is properly advanced all the way onto 
the tissue, as described in more detail below. 
Two engagement arms 44 with inwardly protruding tabs 

45, extend from the proximal end of the feed bar 32. The 
engagement anns 44 extend through an opening in the distal 
end of the grasper coupling 21 into the feeder coupling 22. 
Feeder coupling 22 has a center rib section 46 which is 
straddled by the engagement arms 44 of the feed bar 32 and 
is engageably coupled by tabs 45. The feed bar 32 is 
advanced by the forward motion of the feeder coupling 22. 

In the second mode, i.e., the clip advancement and 
placement mode, trigger arm 18 advances the feeder coupler 














